Changing Places: A Novel Type of Niche and Stem Cell Coordination in the Drosophila Ovary  by Gilboa, Lilach & Lehmann, Ruth
Cell Stem Cell
PreviewsChanging Places: A Novel Type
of Niche and Stem Cell Coordination
in the Drosophila Ovary
Lilach Gilboa1,2,3,4,* and Ruth Lehmann1,2,3
1Skirball Institute of Biomolecular Medicine
2Howard Hughes Medical Institute
NYU School of Medicine, 540 First Avenue, New York, NY 10016, USA
3The Helen and Martin Kimmel Center for Stem Cell Biology, Skirball Institute of Biomolecular Medicine,
NYU School of Medicine, 540 First Avenue, New York, NY 10016, USA
4Present address: Department of Biological Regulation, Weizmann Institute of Science, Rehovot 76100, Israel.
*Correspondence: gilboa@saturn.med.nyu.edu
DOI 10.1016/j.stem.2007.08.013
The Drosophila ovary has been a favorite model for the study of stem cells within their niche. In this
issue of Cell Stem Cell, Nystul and Spradling (2007) study somatic stem cells within a novel kind of
niche and reveal the complexity and coordination of stem cell behavior.Stem cell function during an organ-
ism’s development, throughout its life,
and in disease is tightly regulated by
its environment. Therefore, the study
of stem cells must focus on decipher-
ing the cues that these cells are receiv-
ing. Understanding the exact anatomy
of a stem cell’s environment is a requi-
site for such studies. Work on inverte-
brate stem cells, especially germline
stem cells (GSCs) in the fruit fly Dro-
sophila melanogaster, pioneered the
endeavor to understand stem cells in
their context. This is not only because
of the advanced experimental tools
that allowmanipulation of specific cells
in a uniquemanner but also because of
our ability to observe these cells in their
natural environment. Indeed, the anat-
omy of the invertebrate niche is consid-
ered far less complex than that of its
mammalian counterparts. In a series
of papers, many of them originating in
the Spradling lab, we find that this is
not the case (Decotto and Spradling,
2005; Kirilly et al., 2005; LaFever and
Drummond-Barbosa, 2005; Nystul
and Spradling, 2007; Song and Xie,
2003; Ward et al., 2006; Xie and
Spradling, 2000).
Oogenesis in Drosophila consists of
sequential growth of egg chambers,
which are composed of both somatic
cells and germ cells. Egg chambers
are ‘‘born’’ within a structure called
the germarium (see Figure 1). There,
within a tight span of 50 mm, resideno less than three different types of
stem cells, their support cells, and
their differentiating daughter cells.
The close proximity of many different
cell types and the common goal of
creating an egg chamber suggest that
complex interactions, migrations, and
regulations abound.
Although the interactions of GSCs
with their somatic support cells have
been investigated extensively, less
was known about the follicle stem cells
(FSCs), whose daughter cells encap-
sulate the germ cells to form an egg
chamber. This is perhaps because
FSCs are less conspicuous. The ger-
marium is covered by a basement
membrane, which supports an epithe-
lial sheath. FSCs reside within that ep-
ithelial sheath. Previously, FSCs could
unequivocally be identified only by ge-
neticmarking experiments (Kirilly et al.,
2005; Zhang and Kalderon, 2001).
Their exact number was debated and
their environment and behavior not
well characterized. In the current pa-
per, Nystul and Spradling (2007) take
pains to characterize FSCs morpho-
logically by their position and cell
shape. They show that in each germa-
rium twoFSCs reside across fromeach
other. They also introduce an improved
cell marking system,which, like its pre-
decessors, is based on mitotic recom-
bination. In the new system, however,
each homolog carries a uniquemarker.
After recombination, both daughterCell Stem Cell 1,cells can be distinguished from each
other and from the surrounding cells.
Using this method, Nystul and Sprad-
ling determined the exact number of
FSCs within a germarium and ob-
served their behavior, and that of both
their daughter cells, in vivo.
The most striking findings in this
paper concern the degree of coordina-
tion exercised by the two FSCs and
their daughter cells. First, FSCs exhibit
two orientations of cell division. One
places a daughter cell in a posterior
position to that of the FSC, whereas
the other places the daughter cell lat-
erally. These two patterns of division
occur sequentially. The mechanisms
that control these sequential divisions
are not understood. Second, the lat-
eral daughter cells of both FSCs mi-
grate to the opposite side of the ger-
marium. This migration is coordinated
such that the two daughter cells do
not cross paths. Whether this is the
result of extensive crosstalk between
the two FSCs or their daughter cells, a
result of the division orientation, or a
result of thedirectionality of thephysical
forces that govern the movement of
cysts down the germarium needs to
be investigated. Lateral daughter cell
migration might have a significant
role in keeping the ovariole functional,
as they can invade the opposite niche
and replace its residing FSC.
The data presented here raise sev-
eral themes in stem cell biology thatSeptember 2007 ª2007 Elsevier Inc. 239
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identity of the niche and its complexity.
Our prejudice is to regard a niche as
a stable, cellular entity. The FSC niche
does not seem to conform. FSCs are
attached to a basement membrane
and do not share an extensive mem-
brane surface with fixed support cells.
Thisdoesnotprecludecomplexity,how-
ever. FSCs are in contact with moving
germline cysts, their own daughter
cells, and dying escort cells. Hormonal
and other physiological signals might
also exist. In addition, thin processes
from the stable IGS cells that lie ante-
rior to the FSCs might contact them,
and the basement membrane juxta-
posed to FSCs might present special,
extracellular matrix proteins. It has
recently been shown that, upon infec-
tion, the intracellular bacteria Wolba-
chia preferentially invades the IGS
cell just anterior to FSCs (Frydman
et al., 2006). This suggests that this
cell is special or that the basement
membrane in the FSC vicinity is con-
ducive to bacterial invasion. The com-
plexity of this environment, cellular and
a-cellular, offers various levels of con-
trols and interactions. The sequential
pattern of FSC divisions, coordinated
migration of daughter cells, and above
all, the coordination between three
populations of stem cells to achieve
one product (an egg chamber) without
excess or deficiency of any particular
cell type suggest an intricate web of
controls. The next challenge will be to
chart these controls and understand
how they combine. A second theme
illustrated by the current work is stem
cell replacement. Similar to GSCs,
one FSC can replace another across
the germarium. This connection be-
Figure 1. An Illustration of a Drosophila Germarium
The germarium is covered with a basement membrane (BM). Germline stem cells (GSC) and germ-
line cysts interact with many somatic cells. Abbreviations: terminal filament, TF; cap cells, Cap;
escort stem cells, ESC; inner germarium sheath cells, IGS; follicle stem cells, FSC; and follicle
cells, FC. Arrows depict movement of daughter cells and/or stem cell replacements.240 Cell Stem Cell 1, September 2007 ª2007 Elsevier Inc.tween FSCs, throughmigration of their
daughter cells, might contribute to
a selection of the ‘‘best fitting’’ stem
cell. One might also imagine how a
stem cell with a disposition to uncon-
trolled growth might by such mecha-
nism take over a field of niches,
and therefore predispose a tissue to
cancer. However, considering the
complex network of interactions
and controls over a stem cell, the def-
inition for a best fitting stem cell might
be an unexpected one, and aggres-
siveness might not always correlate
with fitness.
Above all, this work reveals the ut-
most importance of direct observa-
tions to appreciating the intricate be-
havior of stem cells in their niche.
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